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A1’.:::.TRACT 

An  I'xpc  rimi-nt  ,il  ti’chiiiqiu;  h<is  been  devulopod  In  study 
in,i;.s  transport  in  the  wake  of  a  submerged  submarine.  A.  radio- 
.i(ti\a-  tr.Kcr  is  dispensi-d  from  the  keel  of  a  moving  submarine, 

<!nd  till*  w.ike  is  probed  with  a  towed  vertiial  array  of  scintilla¬ 
tion  counters  that  provides  a  cross -sm  tional  view  of  the  niiirked 
wall’  r  s . 

Preliminary  experiments  dune  with  the  Ubb  ALIoACORE 
indicate  liltli-  tinidency  for  the  m.irked  wali-rs  tc)  rise  or  fall.  In 
addition,  it  apjjears  that  local  lurbulc'iice  indue  c*d  by  the  ship's 
sc  rews  is  a  relalivcdy  minor  factor  in  thee  spreading  of  the  sub¬ 
marine  wake,  exc  t;pt  for  the’  initial  few  minutes.  The  major  por¬ 
tion  of  the  work  was  done  in  essentially  isothermal  waters  where 
the  density  mi  rease  willi  depth  w,is  approximately  .05  percent  in 
Ihi-  first  dOO  m.  Furtln’r  work  in  situ  without  a  submarine  is  of 
course  necessary  in  order  to  substantiate  the  above  conclusions. 

A  horiyontal  coeificiei.i  of  eddy  diffusion  has  been  com¬ 
puted  from  the  data  and  is  seen  to  increase  with  lime  throughout 
the  c’xperiment,  approaching  an  iisymptotic  value.  On  the  basis  of 
certain  assumptions,  the  data  yields  asymptotic  values  for  both  the 
scale  of  turbulence  and  the  intensity  of  turbulence-.  I'he  latter  quan¬ 
tity,  in  turn,  has  been  used  to  compute  a  radius  of  curvature  due  to 
Coriolis  forces  at  the  Kititude  of  10  deg.  This  value  agrci-s  with  the 

asymptotic  scale  of  turbulenci-  to  within  50  percent.  It  is  therefore 
S))eculated  that  Coriolis  forces  may  be  a  mechanism  which  lends  to 
limit  the  scale  of  turbulence. 


CON-FTOENT  I  AL 


CON  F I n  F  N  r 1 A  L 


IN  1  KOi  A)  Cl'iON 

!(  h-i  '  ')(  I  n  ri-.ili/.’-d  tor  r  jUic  lime  that  a  waKi-  (IdCLtion  scheme 
capa'.ilc  ut  notiiij^  llie  passage  lA  a  -  uhnu- r  ge<l  subiniiiiic  nupht  find  con- 
iiderabli  um.  tulia's>s  in  .i  l<arrier  type  of  operation.  A  number  of  funda¬ 
mental  (|ueslic.ns,  hciwever,  must  be  .uiswt  fed  before  any  prat  tical  system 
can  be  ^iven  .  eriocis  consideration.  Ainon^  thc*se  is,  for  ex.imple,  the 
pc-rsibtc-nco  of  a  wake*  as  affec  tc‘d  h.y  turbulent  diffusion.  In  short,  whiit  is 
recjuirecl  is  a  working;  definition  of  tin-  wake  of  a  submerged  subma.-ine,  in¬ 
cluding  Its  space'  and  time  cli  str  ibutmn.  This  paper  describes  the  technique 
developed  for  studying  mass  tiiinspoit  in  the  wake  and  presents  the  results 
of  work  carried  out  to  date. 


rriCHNIQUi. 


1  aiiK  studies  Were'  not  thought  to  be  suit.ible  for  a  number  of  reasons; 
(1)  oc  aling  factors  always  present  serious  problems;  in  this  case  they  are 
vi  rtually  unknown.  (Z)  Unless  one  uses  self-profielled  models  (in  theniselve 
costly  and  cumbersome),  one  must  drag  a  model  through  the  water,  thus 
introcluc  ing  a  nc*t  inorncuitum  into  the  medium  precisely  equal  to  and  oppo¬ 
site  that  of  the  Oac  kwa  rd-mo  ving  screw-wash — a  rather  important  factor 

in  the  wake.  (3)  Tank  experiments  had  bec-n  pi>rforrned  i-l  se  whe  re .  ^  ^  ^ 

( 

kcoreover,  it  was  felt  that  a  technique  for  operating  in  situ  would  be  more 
generally  usc-ful  for  oceanographic  work.  Therefore,  a  radioactive  tracer 
technique  seemed  to  be  ideally  suited  for  such  an  application,  save  for  the 
fact  that  commercially  available  gamma  dc-tec  ting  apparatus  is  so  limited 
in  sensitivity  that  a  vc-ry  large  cju.intity  of  radiotracer  is  required.  For¬ 
tunately  a  nev.'  and  easily  handled  scintillation  liquid  was  available, 
allov.'ing  the  construction  of  a  far  more  sensitive  detector.  Thus  the  amount 
of  radiotracer  required  was  reduced  to  less  than  1  C  — an  amount  pre¬ 
senting  no  serious  technical  problems. 

I  he  techniciUe  evolved  is  st  r.iightfor  wa  rd  in  concept;  A  small  quan¬ 
tity  of  a  suitable  radiotracer  is  dispensed  from  the  keel  of  a  submerged 
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siibina i  iiii'  niovinj;  in  ii  sti'iiight  lint*.  I  lit;  lint;  iw  then  crisscrossed  by  a 
surt'ace  ship  towing  an  array  of  eight  scintillation  counters  spaced  10  ft 
apart.  In  adrlition,  the  therniiil  structure  of  the  wake  water  is  viewed, 
using  eight  therniistois,  one  affixed  to  each  counter. 

SIGNAL  CAlILf.  AND  TOV/LU  RIG 

Lat  h  scintillator  can  was  provided  with  a  pair  of  tabs  for  attach¬ 
ment  to  the  strain  cable,  as  shown  in  Fig.  1.  I'he  axis  of  each  can  was 
parallel  to  the  strain  cable  when  attached  to  it.  Both  the  drag  and  the  dy¬ 
namic  inst.'ibility  of  each  can  wi'in*  reduced  by  means  of  a  demountable 
fairing,  which  renderetl  the  towing  much  smoother. 

The  signal  t  abl<  ,  consisting  of  some  Z8  wires,  was  sheathed  with  a 
ziliper  jacketing  m.ide  of  Fibi* rglas -reinforced  vinyT*'  and  tied  to  the  strain 
cable  every  10  ft  or  so  with  3M  electrical  tape.  Care  was  taken  that  the 
lead-in  to  each  can  was  not  strained  in  any  way  when  undi'r  tow.  The  strain 
cable  was  weighted  at  the  bottom  with  a  faired  "fish"  weighing  1000  lb. 

In  order  to  learn  more  about  the  effectiveness  of  the  fairing,  the 
drag  of  a  scintillator  can  was  measured  as  a  function  of  speed  with  and  with¬ 
out  fairing.  The  drag  of  a  long  pijje  1  in.  in  diameter  was  also  measured. 

It  can  be  seen  from  the  results,  shown  in  F*ig.  2,  that  the  fairing  is  effec¬ 
tive  only  at  speeds  below  5  knots.  A  towing  speed  of  3  knots  was  chosen 
since  under  these  conditions  the  tlrag  of  each  can  was  not  more  than  twice 
that  of  an  equal  length  of  signal  cable. 

The  shape  of  the  entire  rig  under  tow  was  studied  in  a  series  of 
calibration  runs  m<ide  at  sea  with  a  dummy  rig.  The  depth  of  each  can  was 
mea.sured  at  various  towing  speeds  with  a  Bourns  pressure  transducer. 
V/iper-arm  hysteresis  was  eliminated  by  attaching  to  each  transducer  a 
buzzer  which  was  actuated  whenever  a  depth  measurement  was  desired. 
Under  this  arrangement  an  accuracy  of  ±  1  ft  was  achieved  for  all  depths. 
The  results  of  these  runs  confirmed  that  for  our  purposes  the  shape  under 
tow  could  be  considered  a  catenary.  On  this  basis,  ti.  depth  of  each  can 
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lindi.  r  tuw,  as  wt-ll  <is  its  clis*,ui<f  baliiiid  the  point  of  low,  was  computi;d. 
'I'hv-si'  (.ar\i.‘s  ari-  shown  in  Fig.  i,  with  ship's  spend  as  a  parameter. 

Ai  I  ele  romete  r  measiir<'nients,  also  made  during  this  series  of 
runs,  indicated  tliat  tlie  rig  did  not  sway  from  side  to  side  under  low. 

RAL'I.ATION  COUNTING  APPARATUS 

The'  radiation  detectors  were  of  the  sc  inlillalion  counter  type.  Ap - 
p  ruximalely  1 .  b  liters  of  scintillation  licquid^^^  were  placed  in  a  specially 
designed  lauile  c'ylinder  5  in.  i.  d.  and  5  in.  in  height.  A  Z-in.  -thic  k  slab 
of  Lueite  formed  the  top  of  this  cylinder  and  also  acted  as  a  light-pipe  to 
minimize  spre-ad  in  pulse  height.  The  light-sensitive  surface  of  a  Dumont 
bZ9Z  multiplic-r  phototube  was  pressecl  against  the  window  of  the  light-pipe 
by  nu-ans  of  a  i-ucite  cover  sc  re  wed  into  the  light -pipe. 

Two  holes  wc're  drillcrd  in  the  light-pipe  and  fitted  with  seal  screws, 
Tliese  hoh-s  served  a  dual  purpose-:  They  were  used  as  filling-ports,  as 
Well  as  expansion  chambers.  Since  the  liejuid  scintillant  and  Lueite  have 
different  coeffic  ients  of  thermal  expansion  and  since  tiimperalure  changes 
of  as  much  as  55'’f  were*  anticipated  in  the  field,  some  e.xpansion  chamber 
scheme  was  necessary.  .-Mter  a  number  of  abortive  .ilcempts  to  construct  a 
suitable  expansion  chambc*r,  it  was  found  that  the  various  vapors  (including 
dissolved  nitrogen)  present  in  the  licjuid  scintillant  filled  the  volume  of  the 
two  holes  or  receded  into  the  licjuid  as  reejuired  by  the  temperature  condi¬ 
tions,  preventing  pressures  inside  the?  cylindc*r  from  becoming  loo  great. 

In  placing  this  scintilLint  package  inside  the  pressure  can  for  field  work, 
care  had  to  be  taken  to  pul  these  holc!S  aft  of  the  vertical  axis  of  the  cylin¬ 
der,  In  this  position  these  holes  were  oric*nted  so  that  they  were  uppermost 
when  the  can  was  affixed  to  the  strain  cable  and  the  entire  rig  was  under 
tow.  In  this  manner  no  bubbles  formed  in  the  optical  path  directly  in  front 
of  the  multiplier  phcjtotube. 

The  outside  surface  of  the  Lueite  cylinder  was  coated  with  a  dif¬ 
fusely  reflecting  coating  prepared  in  the  following  manner:  A  small  amount 
of  3Z5-mesh  Brazilian  quartz  was  thoroughly  cleaned  in  a  boiling  solution 
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of  -Spa  r  kl  Oon*''  cKli' r  j^onl,  rinscfl  at  least  five  liines  in  boiling  water,  thor¬ 
ough!^  dried,  and  then  mixed  with  an  acrylic  cement,  to  form  a  thin 

slurry.  Ihis  slurry  was  painted  on  tlie  outer  surface  of  the  cylinder  with 
a  clean  i.iniid's  hair  brush.  After  two  such  applications,  the  surface  was 
quite  rough  and  diffusely  transmitting,  and  the  cylinder  then  was  carefully 
wrapped  in  h.eavy-duly  Reynolds  V.  rap  aluminum  foil,  whose  reflecting  sur¬ 
face  had  l.ieen  v.’cll  c  leaned  with  detergent  and  rinsed  with  distilled  water. 

This  coaling  of  the  Fuc  ite  c  ylinder  has  been  found  slightly  superior  to  thi' 
usual  iNigO  I'iO  ,  paints.  In  addition,  no  sign  of  aging  has  bewn  noted  over 
.1  one-year  period. 

I'his  scintillator  package  was  carcTully  wrapiic-d  in  1/d-in.  sponge 
rubber  sheet  and  jilaced  inside  a  b-in.  in  diameter  aluminun,  can  j6  in.  high, 
to  which  a  covc-r  was  fitted  in  the  usual  iiiiinncT.  The  can  was  designed  to 
be  used  down  to  a  depth  of  about  300  ft.  An  exploded  view  of  the  entire  as¬ 
sembly  IS  shown  in  Fig.  -F 

For  e.ise  of  maintenanc  e,  it  was  decided  to  house  no  cTc'ctronic  equip¬ 
ment  (save  for  the  mullijilica'  phototube')  in  the  can  (see  functional  block 
di  gr  ;m.  Fig.  5).  Because  of  this,  the  high  voltage  required  for  the  dynode 
system  of  the  multiplic;!'  phototube;  was  dc’livered  vi.i  a  polyiUhylcme-jacketed 
\cire.  1  A  single  high-voltage  wire;  'Vas  used  for  all  eight  lubes,  which  were 
v.ired  in  parallel.  "  As  a  result,  the  wire  passed  through  the*  cover  of  each 
can  twice.  A  third  lead  passing  through  the  cover  was  the  signal  lead 
(RG  tiiB/U),  a  V3-ohm  coaxi.il  cable,  terminated  at  the'  laboratory  end  by 
its  c  ha  r  tc  le  rislic  mepedance. 

The  scintillation  pulses  were  fast,  having  rise  limes  of  the  order 
of  30  psec.  riiese  pulses,  rc'c  eived  in  the  ship's  laboratory,  were  ampli¬ 
fied  by  a  variable-gain  amplifier.  They  triggered  a  monostable  multivibrator, 


Fisher  Scientific  Company. 

t  Schwarts  Chemical  Company,  Inc.,  3Z6  West  70  Street,  Neev  York,  N.  Y. 
t  Eighteen  gauge,  standard  wire:,  Ko.  B-4401,  purchased  from  the  Vector 
Cable  Company. 

Because  the  individual  multiplier  phototube's  differed  wirlely  in  airipli- 
ficalion,  a  voltage  dropping  r<;sislor  was  plac(;d  in  series  with  the  dynode 
voltage  divide'!'.  This  tended  to  equalii^c'  thc'ir  respcjnse. 
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whicli  in  turn  dnvi^lopijd  a  sinj'le  sqiuiri*  pulse  of  a  lixc;d  anipliludt;  for  every 
int  (lining  pulse  of  more  than  a  lertain  predetermined  value.  The  pulse 
length  at  the  output  of  the  niullivibrator  tduld  be  varied  in  four  steps  from 
100  lisec  to  1000  p  sec  .  Tins  pulse  was  then  fed  tnrough  any  (’'iie  of  tliree 
integrating  time  c'onstants  to  a  Honeywidl  Visieorder  oscillographic  galvan¬ 
ometer.  Thus  an  average  current  was  derived  whic  h  was  proportional  to 
the  average  c'ounting  rate.  In  the  ease  of  very  low  counting  rates  v/hen  the 
dc  level  was  difficult  to  ascertain,  the  time  constants  could  be  suitably  ad¬ 
justed  so  as  to  record  the  indic'idual  pulses  as  they  arrived.  This  special 
feature  ot  the  counting  system  provided  a  very  wide  dynamic  range.  A 
Schematic  diagram  of  the  circuitry  is  shown  in  Fig.  6.  It  must  be  noted  that 
the  entire  electronic  system  functioned  admirable,  throughout  the  field  work. 
This  we  ascfiiie  m,iinly  to  the  absence  of  electronic  components  in  the  water. 

The  counting  apparatus  was  calilirated  by  immersing  the  cans  into 
a  large  tank  (d  ft  X  -1  ft  X  5  ft)  of  sea  water  containing  a  known  ejuantity  of 
radioactive  tr.ucr.  (It  c  .in  be  shown  that  eac  h  detector  derives  95  percent 
of  Its  response  from  a  sphi’rual  volume  approximately  3  ft  in  diameter.) 

Figure  7  is  a  typical  plot  of  the  recorded  dc  level  vs  the  amplifier 
gain,  with  tracer  concentration  as  a  parameter.  From  this  family  of  curves 
w.  re  plotted  the  curves  of  dc  level  vs  concentration,  with  gain  as  a  para- 
metcr.  a  typical  curve  is  shown  in  Fig.  8.  As  can  be  seen  from  this  figure, 
th(?  response  of  the  system  was  linear  throughout  the  range  of  concentra¬ 
tions  found.  In  ordc'r  to  (rcjualir-c'  the*  rt^sponse  of  the  detectors  in  the  field, 

the  p.irticul.ir  gain  for  each  was  determined  by  placing  a  1-pC  source  of 
137 

Cs  .'It  a  selected  spot  on  each  can  and  adjusting  the  respective  gains  so 
as  to  yi(dd  the  same  dc  level.  With  this  system  it  was  possible  to  detect  a 
radiotracer  concentration  in  the  ocean  of  2  X  10  C/ml  in  a  5-sec  sampling 
period. 
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TlJNil>ERATURL  AFFARATUS 

riuTHnstorb  wri'f  I'hoscii  for  this  work  hucausc;  of  Ihoir  ru^gcdness, 
sliort  ihernial  limo  tonstant,  good  sensitivity,  and  relative  ease  of  opera¬ 
tion.  i',a<-h  glass  thernustor  was  cast  by  means  of  an  epoxy  resin  within  a 
ly  lindi'n  al  pioteitive  i  ase  of  anodi  zed  a  himi  num  3/d  in.  in  diameter.  A 
mounti'd  tlie  r  mi  stor  is  shown  in  Fig.  9. 

I’he  prolei.  tive  (  ase  (.'Xtended  about  3/8  in.  beyond  tin.;  end  of  the 
bead  and  w.is  open  to  th('  sea  water.  A  number  of  holes  were  drilled  along 
the  side  of  tile  lase  to  allow  easy  flow  of  waiter  past  the  liead.  The  leads 
were  splii  ed  to  a  pair  of  dignal  Corps  wiio.-s  (\'/I)  l/TT),  which  formed 
part  of  the  signal  iabU‘.  laaih  th(-rniistor  package  was  thi;n  taped  to  the 
side  of  its  e(.jr  responding  scintillator  lan  in  such  a  way  that,  under  tow,  the 
thermistor  iirotrudi-d  into  the  flow  slnaiin  ahead  of  the  can.  Thus  the  scin- 
lilhilor  can  could  not  affect  thc>  measured  watc  r  temperature'. 

Pressure  depc'iident  effects  were  not  encounti' r ed  with  the  thermistors 
and  mountings,  nor  were  any  ex|)ec  ti!d,  because  the  depths  were  relatively 
shallow  (less  than  100  ft). 

Tne  thermistor  circuitry  was  st  raightforw'a  rd  and  relatively  simple. 
Figure  10  is  a  schematic  di.igram  of  this  circuitry.  Each  thermistor 
formed  oiu'  arm  of  a  btilanc  i>d  briduc';  anothc-r  arm  consisted  of  a  10-turn 
holipot.  Once  it  had  been  cali.brated,  an  absolute  tcunpe  ratur  e  measurement 
was  easily  achieved  oy  simply  noting  the'  helipot  reading  reejuired  to  null 
the  bridge,  bmall  deviations  from  this  temperature  caused  a  ciirrent  to 
flow  in  the  Visicorcler  galvanometer. 

Calibration  was  carrierd  out  in  a  temperature  controlled  bath.  A 
typical  calibration  curve  is  shown  in  Fig.  11.  Sensitivity  of  better  than 
-  .  0Z°C  was  achieveC  in  the  field  with  this  arrangement,  and  all  units 
functioned  very  well.  Absolute  values  wc-rc'  rc’p roducibl e  to  i0.0i°C  in 
the  laboratory.  In  order  to  check  this  point  in  the  field,  a  number  of  BT's 
Were  taken  simultaneously  with  thermistor  measurements.  In  all  cases, 
both  technicpies  agrei'cl  within  the'  ex|)e r imental  error  or  the  BT's. 
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niSPENSlNG  SYbTLKi  AND  OiJERATION 

\  dispiMis  iiig  sy.slfiti  was  (ivsigiuid  >md  (.onslrut  li-d  whcjse  function 
was  to  (.'ji'ct  a  radiot  rticor  fr<'ni  the  ketd  of  a  submarine'  at  a  known  flow 
rati'  and  in  a  contitnio'.is  manni'r.  Ihi?  operating  prim  iplc  was  simple'  in 
cone  I'pt:  A  pump  causcel  se-a  wati'r  to  flow  through  a  lejng  hose'  at  a  rate  of 
about  10  gal/min.  This  heese  was  wr.ipped  ci  r  cumfe' r  e;ntiall  y  about  the  sub¬ 
marine',  e'je'cting  its  e'ontcnts  unele'r  the'  keel.  The:  radiotraci' r  was  injected 
into  this  flow  by  means  of  gas  pressure. 

Figure'  12  shows  the'  elis[)ensing  mechanism.  On  the'  right  is  the  pig 
whicli  contained  the  radiotrae  e-v.  Wlu'n  in  transit  the'  two  manual  valves  on 
the'  pig  vee're  protected  by  a  stee'l  e  eiver,  shown  in  Fig.  13.  The  cylinder  on 
the-  left  m  Fig.  12  houseel  tlu'  wati'r  pump  which  opi'rated  continuously  during 
the  dispe'iising  pe'iiod.  The'  central  cylinde'r  contained  a  single  pressure- 
regul.iling  valve  and  two  seili'iioiel  valves  connected  in  par  illiT  as  a  pre¬ 
caution  against  failure.  The'  pressure  valve  .tllowed  a  pri'eii  ter mini:d  gas 
pressure  to  be  applied  to  the-  radiotracer  in  the'  pig.  The'  solenoid  valves 
permitteel  the  radiotracer,  undi-r  gas  pressure,  to  ente'r  the  exit  line  of  the 
pump . 

For  obvious  reasons  it  was  i-ssential  that  the'  trae  er  be  a  liquid. 
Howevi'r,  at  Brookh.iven  N.itional  Laboratory,  whe-re  the  elements  were  ac¬ 
tivated,  licjuids  could  not  be  put  into  the  re'actor.  This  necessitated  having 
the-  raelioae  tive  m.iterial  initially  in  poweJer  form  and  converting  it  to  a 
liquid  prior  to  the-  di spe'iis.itieju. 

1  dO 

For  the  first  expe-riment  the'  isotope  ehosen  was  lanthanum  , 
which  has  a  half-life  of  about  -10  hr.  Its  decay  scheme*  is  shown  in 
Fig.  I'l.  The  1.6-Mev  gamma  ray  was  the  only  one'  of  interest  for 

this  experiment.  A  20-g  sample'  of  lanthanum  oxide  (La-Oj),  when  irradi" 
ated  for  a  2  l/2-hr  pe'riod  in  a  flux  of  2X10  neutrons/cm ‘'/sec ,  yielded 
approximiitely  2.  7  C  of  gamma  ;u  tivity.  Upon  its  removal  from  the  reactor 
the  sample'  was  placeei  in  the  pig,  which  served  both  as  a  shipping  container 
and  as  an  inti  gral  part  of  the  dispensing  system. 


-  18- 


C  O  N  F  1  D  E  N  1‘  1  A  1 


CONFIDEN7'IAI. 


CON  1-  1  D  F.  N  T  I  A  1, 


riie  inttTior  of  the  pij;  coiisisti;cl  of  a  'ount  e  r  sunk  sample  holdiT 
of  monel  afiouf  1  in  in  diameter  and  about  *1  l/Z  in.  in  iutight  surrounded 
on  all  ides  tjy  at  least  5  l/Z  in.  of  lead.  Two  l/8-in.  stainless  steel  tubes 
enterid  the  saniple  holdii'  through  a  lead -filled  plug.  The'  first  (entrance) 
tube  It.  r.ninaied  <it  the  base  of  the  [>lug.  It  was  through  this  lube  that  nitro¬ 
gen  prv';  sure  was  I'.Kerteil  on  the  liqviid.  The  second  (exit)  tube  terminated 
e.l  the  lowest  jjoint  in  the  sam|)le  holder. 

When  the  pig  and  its  contents  had  been  transported  to  the  site  of  the 
expe  riruc-nt,  the-  [jrocc-ss  oi  getting  the  solid  sample  into  solution  was  begun. 
110  c  c  of  concentrated  hydroc  hloric  acid  addend  to  the  sample  holdc;r  through 
the  exit  lube  generated  the  following  reaction: 

La  +  b  IICI-^  Z  LaCl  .,+  3  11,0  . 

5  j  c 

Thus  the  insoluble  lanthanum  oxicle  was  converli'd  to  highly  soluble  lanthanum 

chloride.  The  remaining  volume  was  filled  by  adding  distilled  water. 

Rubiclium^^  with  an  18.7-day  half-life  was  chostm  for  the  second 

e.xpe rimc-nt.  Its  dec  ay  scheme  is  shown  in  Fig.  15.  As  may  be  noted  from 
(5) 

the  decay  schc'tne,  only  10  percent  of  the  indicated  activity  is  due  to  the 
1.08-i\iev  gamma  ray. 

For  the  i  r  r  acli.ition  180  g  of  rubidium  carbonate  (Rb,CO^),  wrapped 
in  aluminum  foil,  were  insc-rted  in  a  standard  aluminum  reactor  capsule  and 
then  pi  icc'c'  in  the  reactcjr.  A  Z-wcu.-k  irradiation  yielded  approximately  40  C 
of  total  activity,  10  percent  of  which  consisted  of  lh«  desired  gamma  radi¬ 
ation.  Upon  removal  from  the  reactor  the*  aluminum  foil  and  its  contents 
were  taken  out  of  the  reactor  cap.sule  and  placed  in  the  pig  for  shipment. 

Once  again  hydrochloric  acid  was  used  to  obtain  a  water-soluble  com¬ 
pound,  i.  e.  , 

Rb^CO^  +  Z  HCl-^  Z  RbCl  +  CO^  1  +  H^O  . 

In  this  case  the  reaction  was  a  violent  one,  and  a  gas  (CO^)  was  released 
in  the  process.  A  considerable  amount  of  hydrogen  gas  was  also  liberated 
in  the  reac  tion  with  the  aluminum  foil: 

Z  A1  +  b  MCI  —  Z  AlCl^  +  ^  t  • 
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It  rt'iutions  had  been  allowi'd  to  proceed  rapidly,  the  gas(;s  formed 

(.  ouUl  not  h.tve  been  viMilcd  adiMiiiately  tl'.rough  the  small  diameter  tubing. 

Tha  I'esultai’.t  [iri-ssuii-  build-iip  would  then  liavt;  expelled  some  of  the  r.idio- 
u  tiv  e  ni.iteri.d.  I’o  priweiit  this  the  ai  id  was  ailded  in  sniiill  amounts  over 
a  i-hr  iieriod. 

On  the  subiparine  the  dispt'nsing  system  and  a  high-pressure  nitro¬ 
gen  tnUtU’  were  seeurc'd  inside  lhi,‘  su[)e  r  st  ructure.  In  this  position  they 
\'.'eiu'  I'Xternal  to  the  jiressure  hull  yet  prottu  ted  from  the  seas  (see  Fig.  l6). 
The  intake  and  exit  hoses  for  the  pum[)  weri-  banded  to  a  5/8-in.  wire  rope 
which  was  wrapped  around  the  siitinia  l  ine  in  bellyhand  fashion.  The  intake 
was  b  ft  below  tin-  water  line  on  the  port  side,  and  the  exit  was  located  lie - 
neath  the  keel  and  approximately  80  ft  forward  of  the  screw.  A  diverging 
noaaU  .issured  rapid  diffusion  of  the*  radioactive  material. 

I’he  dispensing  [irocedure  was  iis  follows:  The  two  manual  valves 
on  the  pig  were  not  ojiened  until  the  sviiimarine  was  on  station.  The  manual 
valve  on  the  nitrogen  bottle  w<is  then  opened,  thus  pressuriuing  the  pig.  At 
this  point  the  submarine  submerged,  and  electrical  power  was  applied  to  the 
switches  controlling  the  salt  watc-r  circulating  pump  and  the  solenoid  dis- 
(harge  valves.  When  the  submarine  had  leveled  off  at  the  preassigned  depth, 
the  pump  was  started,  dispensing  was  initiated  by  opening  the  solenoid 
valves  and  terminated  at  the  c  onclusion  of  the  run  by  closing  the  solenoid 
valves  and  then  slopping  tlie  pump. 

After  the  final  run  whcui  the*  [lig  had  been  entirely'  emptied  of  its 
ccinlenls,  the  valve  of  the  nitrogi  n  bottle  was  closed.  The  pressure  on  the 
syustem  was  relieved  by  vemting  the  gas  through  the  solenoid  valves.  The 
entire  system  was  then  flushed  with  distilled  water  until  the  level  of  radio¬ 
activity  was  low  cuiough  to  permit  personnel  to  work  on  it  for  an  indefinite 
pe  rioG . 

Due  to  the  low  flow  rates  required  (1  to  1.5  ml/sec)  a  conventional 
needle  valve  could  not  be  used  in  the  exit  line.  Instead  a  small  stainless 
steel  cjrifice  (0.010  in.  in  diameter)  w.as  placed  in  series  with  the  solenoid 
valves.  The  flow  rate  through  this  orifice  was  determined  for  fixed  fore 
pressure  and  varying  back  pressure.  This  was  done  because  the  fore 
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pressure'  leeultl  not  he-  cliangi'd  during  Ihi'  expi'riment  due  to  the  high  level 
of  rudio.ic  ti'k  ily  existing  in  the  x  itinily  <.)f  the  dispenst:r  onoe  the  lines  had 
Di'en  lharge'd.  It  was  desirable  to  vary  the*  hack  pressure;  hec'ause  it  was 
p  report  ion. d  to  depth  .ind  not  ail  runs  wc're  to  be  in.ide  at  the  same  de})th. 
The  lic|uid  use'’l  for  this  i  <il i hr ati on  was  chemically  identic  al  to  that  used  in 
the  .u  lu.il  experiment,  although  it  was  not  radioticti vo.  The;  calibration 
curve,  a  graph  of  flow  rate  vs  diffe  rc-ntial  prc'ssure  (depth),  is  shown  in 
Fig.  17. 


EXHERlkiENTAL  OPERATIONS 


.-\  preliminary  c-xperiment  was  carried  out  in  the  Gulf  of  kiaine 
during  Oc  toller,  1  9S9,  using  the  USS  AL^BACORE  (.SSN  569)  as  dispensing 
Vessel  and  Hudson  L.dioratoric's'  T-boat  as  re-search  vessel.  An  operating 
area  500  ft  deep  was  chosen  just  off  Jeffrey's  Ledge;.  A  bottom-anchored 
."urfac  e  tnioy  proviaed  by  the;  U.  .5.  Coast  Guard  scTved  as  a  c  rude  naviga¬ 
tional  reference. 

The-  opefiiling  plan.  Fig.  IS,  c.illed  for  the  T-bciat  to  lie  to  at  a  dis¬ 
tance  500  ft  from  the-  liuoy.  The  ALB.*\CORE  ihc-n  maneuvered  in  such  a 
manner  as  to  pass  par.illel  to  the  liiu-  of  th<;  T-boal  and  the  buoy  at  a  distance 
of  about  500  ft.  The-  dirc-clion  was  to  coincide  w-ith  that  of  the  subsurface  cur- 
rc-nl  al  keel  depth,  determined  in  .i  c  rude  manner  just  prior  to  the  experiment. 
Fhe  .ALB.kCORE  bc-gan  to  disjiense  the  radiotracer  wht;n  its  range  to  the  buoy 
was  approximately  ZOOO  ft,  at  which  time  a  smoke  flare  was  released.  A 
second  flare  was  rele.ised  <it  the  end  of  the  run. 

On  sighting  the  second  flare,  the-  T-boat  approached  the  dispensing 
line  until  the  r adiol r ac t» r  sign.il  was  perceic-ed.  At  this  time  it  dropped  a 
sea-anchored  liuoy  and  comnif-nced  exc;culing  a  series  of  crisscrossing  ma¬ 
neuvers.  This  was  continued  until  the  radioiracc-r  was  no  longer  detectable. 

In  this  preliminary  experiment  La'  was  used  as  a  tracer  element. 
Its  relatively  high-ene  rgy  gamma  ray  (1.6  Mev)  was  very  desirable,  because 
it  greatly  siniplified  setting  the  bias  of  the  delecting  apparatus.  Since  this 
was  a  first  try  and  the  experimental  parameters  were  not  well  known  (the 
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uifith  I'l  the  \v,ikf,  thf  >.  one  I'lit  ration  expo  ted  at  the  initial  crossing,  eli  .  ), 
iIk-  .  hoiie  of  ganinia-ray  i-ne  rgy  teiuied  to  lit*  c  onservati  v»'. 

rile  tise  ol  La  ^  exacted  a  rather  serious  price,  however,  ov/ing  to 
its  ndativily  short  half-lilt  (10  hr).  The  operating  area  dictated  by  this 
ihoi f  of  tixitfi-  was  highly  unsnitahie,  due  to  the  complex  character  of  the 
Water,  and  the  entire  opttreition  had  to  he  executed  under  great  pressure,  of 
tiiiii  ,  whit  h  placed  a  heavy  strain  on  pi'rsonntd.  Also,  tht-  operation  could 
not  wait  tor  good  weatlii-r;  as  it  happened,  it  was  far  from  ideal  for  all  of 
the  runs,  with  winds  of  approximately  15-ZO  knots  and  sea  state  of  about  3. 
Foi’  a  small  boat  such  as  the  1  -bo.it,  Ihi-se  wt;re  rather  strenuous  conditions, 
since  It  was  difficult,  for  exaii’ple,  to  see  the  various  buoys  from  the  bridge. 
In  addition,  the  operation  was  severely  handii  ajiped  by  the  lack  of  a  dead¬ 
reckoning  trac  er,  which  would  have-  provided  some  knowledge  of  our  relative 
whc’  r  eaboul  s. 

8  G 

I  'ur  the  sc'cond  experiment,  a  muc  h  longer -lived  radiotracer  (Rb  ) 
was  employed.  Its  !  9-clay  half-life  allowc-d  the  choicer  of  a  better  operating 
area  as  wcdl  as  bettc' r  weatln'r.  Its  main  disadvantage  was  the  fac  t  that  the 
principal  gamma  ray  was  c<f  lower  energy  (about  I.O  Kiev),  rendering  the 
idimination  of  uiiv/anled  noise  .ind  background  radiation  mucli  more  difficult, 
.after  dealing  With  the  disadvantages  of  shorl-lived  material  in  the  prc’limi- 
r.ary  e.xperimc-nt  and  learning  more  about  some  of  the  operating  parameters, 
it  w.is  felt  that  this  choice  of  radiotrac  c-r  was  a  far  more  prudent  one. 

In  this  opi-ration,  the  U5N5  GIt3BS  was  the  research  vessel.  It 
rendezvoused  with  the  USS  ALi3ACORE  at  sea  in  a  region  where  the  temper¬ 
ature  gradic-nt  to  a  depth  of  *100  :t  was  approxi mated y  1°C.  The  GIBBS  lay 
to,  lowered  the  experimental  rig,  and  otherwise  got  itself  in  readiness.  A 
B1  was  obtained,  at  this  point  the  ALBACORE  was  notified  to  proceed  with 
the  disijcnsalion. 

The  ALBACORE  got  into  a  position  determined  by  the  direction 
that  the  GIF3BS  had  assumed  abou*  a  mile  off  its  starboard  bow.  The  ALBA¬ 
CORE  then  proceeded  low.irds  the  GIBBS  in  such  a  way  that  it  would  pass 
the  GIBBS  about  500  ft  to  its  starooard.  Having  set  its  course  on  the  sur¬ 
face,  the  ALBACORE  relc-ased  a  smoke  bomb,  submerged  to  the  prescribed 
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.iiul  I  oiitiniii’cl  on  thi;>  .it  .i  spi  i-d  .)l  t)  knots.  As  soon  us  tho 

\l  D  -CXIRL  lu'.iri'd  the  bow  ot  tlu-  CillDib,  the  ratUo.ic ti ve  tracer  W£is  dis- 
pinsfd  ul  u  r.ite  i.ilinLited  to  prothui'  a  tiaiiw  aj)j)  roxiniJlcdy  1500  ft  long. 

U  tile  bi'ninnitiL’  of  the  di  si)i'u.'..ttion  as  well  as  .it  llu'  mid  .i  l/Z-niin  smoke 
flari  ,  togither  with  .i  s}ie,  i  dly  .  oii'-t  rut  ted  dye-release  mio  ii.inisnid'=  v/;i  s 
eieiUd.  soon  .IS  possioK  alter  tiie  end  of  dispensation,  the  ALDACORE 

airlaii'd,  stopped  .ill  engin<  .ind  relc.ised  .a  second  smoke  bomb.  Need- 
1  s-  to  s.iy,  it  all  times  the  opeiaition  was  pl.igiied  by  the  nnilfunelioning  of 
the.e  flares  <ind  bonibs. 

1  he  pur))OSi’  of  the  smoke  fl.iros  was  to  dirmt  altmition  to  the  point 
ol  tlu  Irater's  initial  rele.ise,  ni. irked  by  the  ii}ipearaiu  e  of  the  green  dye 
tin  tile  suriate.  'I'lie  end  of  tlu  r.idiotracer  w.rs  marked  in  the  same  manner, 
rile  purpose  of  the  smoke  bombs  at  the  beginning  and  end  of  the  run  W'as  to 
guide  the  .tpproaehof  the  CiliUiS  to  tlic^  line  joining  these  two  bombs  at  a  right 
angle. 

.Vl  the  iippearance  ot  the  first  dya-  marker,  theGlBB.S  proceeded  to 
ma  e  a  riglil-.uigle  turn  in  ordcT  to  i  ross  the  wake  just  inside  the  marker, 
.111(1  the  rei  ording  appar.itus  w.is  turned  on.  This  ajiparatus  simultaneously 
r  uorded  the  signals  from  the  eight  scintillation  cans.  When,  upon  crossing 
the  radioactive  wake,  one  or  more  of  the  detectors  showed  .i  signal,  the 
opere.tor  notitied  the  bridge,  and  immediately  .i  floating  buoy''  was  released, 
'.‘/hell  the  signals  returned  to  b.ickg  round,  the  rei  order  w.is  secured,  and 
the  CjIDBS  prcK  eeded  on  its  course  for  some  500  ft,  made  ;i  180-dcg  turn, 

•  ind  repeated  the  oper.ition.  The  attempt  was  made'  to  l.iy'  five  such  buoys 
along  the  course  of  the  radioactive  w.ikc'.  During  this  cruii.il  jieriod,  the 
•mole  bombs  proved  iiiv.iluabie  in  orienting  the  Gli'BS.  Once  the  five 
buov.-'  were  laid, the  GIBBS  could  jiroceed  on  its  crisscrossing  maneuvers 
in  a  more  relaxed  fashion. 

It  should  be  noted  .at  this  point  that  the  marker  buoy's  could  easily' 
no  seen  for  at  le.ist  \/l  mill-  from  the  bridge  of  the  GIBBS.  Each  of  these 


■■  An  .iluminum  can  painted  brilliant  red,  which  was  designed  to  pop  open 
upon  reaching  the  surface-,  rele.ising  a  batch  of  fluorescein  dy'e. 
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liiio\J'  was  altai  lu'ci  by  mi'.uis  of  .i  thin  nylon  line;  to  a  sea  anchor  plac  t;d 
aoc'Vil  10  ft  above  keel  ch'pth  of  the  ALBACORF.  In  this  manner  the  marker 
tHio\ s  followed  the'  ec'nrsi'  of  the'  eeakc;  wate-r.  It  is  intc'resting  to  note  that 
■ven  with  winds  of  IS  knots  the  buoys  did  not  drift  more  than  <^00  ft  away 
from  the  w.iki'  durnie  a  -I-lir  period. 

.'vfter  the  first  few  c  I'ossinps,  the  thermistor  information  weis  switched 
onto  the  recording.  These  eight  tracers  had  been  blanki;d  out  during  the 
initial  crossings  in  order  that  the  cjperator  be-  presented  with  the  least  con¬ 
fusing  pic  lure  [jossible.  (Din  ing  this  initial  period  the-  main  problc'm  was 
simply  tcj  locate  the  wal-e  lUid  n.arh  it  with  the'  buoys;  tempi'r  iture  inform¬ 
ation  could  be'  sac  rific  c'd  Icj  this  end.  ) 

1  h roughciul  the;  opeiMlion,  ti  ch'ad - r c' c  koning  trac  c'r  kept  a  rc'eord  of 
the  Cdlilk's'  movi'mc'nls,  and,  in  addition,  the'  ship  was  guided  during  the  initial 
phase  to  some;  e>vlent  by  the  ALBACORF,  which  computed  the  position  rela¬ 
tive  ic;  the  maikcul  wake'  <ind  advised  tin;  GIBBS.  I’lu-  DRT  rec  ord  proved 
use  fill  111  cielerming  the  angle  in.ide  lielween  Ihi'  CURBS'  line  of  motion  and 
that  of  the'  m<irked  wake  during  each  of  the  crossings. 

Two  such  runs  were  c.irrii'^i  out  in  the  o’pen  sea  under  practically 
isolhe  r  ni.il  conditions  during  the'  latt-'r  p.irl  of  Marc  h  and  the  early  part  of 
.'.pril,  BhiO.  The  first  run  w.is  made'  at  a  kc'c;l  dt'plh  of  50  ft,  and  the  second, 
100  ft.  During  both  these  runs,  wind  averaged  about  15  knots,  and  sea  state 
was  about  3.  it  was  possible  to  trac  k  the  .vakc;  for  a  pc'riod  of  about  •}  hr 
for  boin  runs. 

The  preliminary  c;xperime'nt  had  bt;en  carric-d  out  under  somewhat 
diffe  rent  conditions.  Although  sea  stale  and  \.ind  we're  about  the  same  in 
the  two  experiments,  the  tidal  currc'nts  in  the  Gulf  of  Maine  arc'  rather 
confused,  iind  large*  salinity  variations  are  to  be  expected.  In  addition,  due  to 
to  the'  Ijohbing  of  the  small  T-boat,  the*  temperature'  information  was  much 
more  confused.  ’•= 


It  should  be  noted  that  during  the  preliminary  experiment,  a  strong 
temperature'  gradient  existed.  The  cyclical  plunging  of  the  array  through 
this  gradient  showed  up  quite'  < dearly  in  the  records. 
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RESUL'IS  AM3  DISCUSSION 


1)  Prt‘liniinarv  Experitneiil:  The  results  obtainud  in  the  Gulf  of  Maine 
verified  our  choice  of  design  parameters.  The  wake  was  clearly  visible  up 
to  l/Z  hr  after  passage. 

A  strong  temperature  gradient  c'xistecl,  and  there  was  evidence  that 
this  was  disturbed  by  the  jiassing  vessel.  However,  due  to  the  continual 
bobbiiig  of  the  rig,  it  was  imjiossilile  to  establish  this  quantitatively.  As 
mentioned  before,  these  are  confused  Wiilers;  we  saw  ample  experimental 
ov'idence  of  diffimenlial  currents  in  the  top  150  ft  of  w£iti*r — a  fact  which  is 
not  surprising  in  view  of  the  bottom  contour  and  tidal  currents  in  this  local¬ 
ity. 

In  addition,  the  wake  waters  seem  to  become  stratified  in  two  out  of 
three  runs.  We  wish  to  stress,  however,  that  tliis  inference  is  made  on  the 
basis  of  one  assumption  which  is  ope-n  to  cjuestion,  namely,  that  tlie  marked 
wake  wb.ich  w.is  1000  ft  long  at  tin-  initiation  of  the  run  does  not  alter  its 
length  appreciably  during  tile  first  half-hour.  The  reasoning  is  as  follows: 
Realizing  tiiat  the  half-life  of  La^  is  long  com]jared  to  tlie  l/2-hr  period. 
We  have 

C  V  =  constant  , 
n  n 


wh  ere 


C  average  concentration  of  radiotracer  at  the  nth  crossing,  and 
n 

V  -  volume  of  marked  fluid  ^lt  the  nth  crossing. 

Consider,  for  simplicity,  a  rectangular  cross  section,  such  that 

V  -  11  W'  L  , 
n  n  n  n 


where 


H  i 
n 

V/  - 

II 

L  = 
n 


height  of  the  marked  fluid  at  the  nth  crossing. 

It  II  II  II  II  11  II  II  11 


ti  II  II  II  II  II  II  II  II 


and 


-di¬ 
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It  followb  that 


C/C,  ■  . 


Fron'.  tl’.e  abova -nientioniMl  abSuiiii>tion,  is  unity,  and  wn  have 


The  factor  ( (3  ^  /  C  )  is  obtained  from  tlie  Visic:ord(;r  traces  directly.  The 
factor  (tlj/ll^)  IS  obtained  from  the  number  of  cans  v.'hich  show  a  signal 
above  background. 

From  this  data  the  curvi;s  of  I'ig.  19  were  plotted  for  each  of  three 
runs.  As  i-an  be  seen  from  this  figure,  stiaitification  occurred  in  two  of  the 
runs  (Bravo  1  and  Charlie  II).  As  was  mentioned,  these  curves  are  predi¬ 
cated  upon  the  c  onstancy  of  L  .  Although  this  may  not  be  strictly  valid,  it 
IS  prob<ibly  true  that  the  L' s  do  not  vary  by  more  than  a  factor  of  Z,  Cer¬ 
tainly  the  value  of  L  does  not  decrease;  with  time,  so  that  the  curv'es  of 
Fig.  19  arc;  upper  extremes. 

Z)  Second  Extieriment:  The  second  exp(;riment  svas  carri<;d  out  in 
the  open  svaters  of  tlie  Atlantic,  Ocean  in  a  region  wht're  the  ve  rtical  temper¬ 
ature  gradieuit  was  much  smalle  r.  Our  thermistors  indicated  a  difference 
of  l/i'^C  betweeui  the;  Surface;  and  1-10  ft. 

.A.  single  sue:cess'ful  run  was  made — this  .it  a  keel  depth  of  100  ft. 

(Due  to  inadeciuati'  calibration  the  first  run,  made  at  50-ft  keel  depth,  did 
not  present  fruitful  data.)  Fleveui  crossings  in  all  were'  made  over  a  period 
of  about  3  hr.  At  the  end  of  this  period,  contact  was  lost  rather  abruptly. 

In  Fig.  ZO  are  shown  the  isoconcentration  contours  of  a  vertical 
cross  section  of  the  wake  for  each  of  the  crossings.  Each  of  these  has  been 
corroc^^ed  for  our  nonperpendicularity  of  approach,  as  obtained  from  the 
DRT  records. 

Unfortunatel'/  our  first  contact  with  the  marked  wake  waters  did  not 
take  place  until  36  min  after  dispensation.  Thus  no  information  on  the  initial 
wake  spreading  was  obtained.  However,  the  isoconcentration  curves  of 
Fig.  ZO  for  Crossings  1,  3,  and  -1  show  that  the  peak  concentration  remained 
at  a  depth  of  100  ft  for  at  K-ast  the  first  80  min.  In  addition,  it  may  be  con- 
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PRELIMINARY  EXPERIMENT 
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WAKE  CROSSINGS 
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clud.d  bv  *1  i|VKilitat  ive  inspi-ction  of  thcsi;  curves  that  vertical  diffusion 
cHie  t<.i  tul'ulem  e  is  lu- gl igi  1>1  c  cotnijared  with  horizontal  diffusion  during 
t'iv  lilt.  r\.il  of  time.  File  measured  vertical  temperature  gradient  is 
l/-!*‘'c  per  100  ft.  This  agrei-s  very  well  with  me.asure, numts  made  during 
April  of  lOb-l  in  (lu  same  loeality/^’^  whereby  it  had  Ireen  c;omputed  th.'it  the 
di-nsily  mcri.i.jed  by  about  .05  percent  in  thi*  first  ZOO  m.  According  to 
Svertirup  it  .il.,  '  this  condition  would  be  expected  to  reduce  greatly  the 

vertic.il  c oeff i (.  1  lUit  of  eddy  diffusivily.  Thus,  our  results  are  in  qualitative 
agreein.'iit  with  what  might  bi  exjiet  ted. 

It  is  ilso  noted  that  .in  abrupt  change  in  the  structure  occurs  between 
(Crossings  1  and  5.  The  jieak  concentration  at  100  ft  is  no  longer  evident,  and 
the  cross  scwtional  patch  size  seems  to  have-  become*  quite  a  bit  larger.  The 
wind  inc  reused  steadily  throughout  the  experiment,  being  .ibout  5  knots  at 
the  initi.ition  .end  I knots  .it  the*  time*  of  Crossing  8.  V/hitecaps  were 

-ippc'aring  liy  this  time.  It  is  possibl.*  that  the  .abrupt  changes  noted  at  the 
100-ft  depth  <ire  the  result  of  turbul<*nc  c*  due*  to  horizont.il  shear  near  the 
surfai  c. 

It  h.id  been  hoped  at  the  outset  tli.it  possibly  coefficients  of  diffus - 
ivity  could  be*  obtained  as  an  added  dividerd  from  these  experiments.  As  was 
mentioned  above,  howevi*r,  our  d.tta  is  ext remely  poor  in  this  respect,  neces'si- 
t  'ling  .1  number  of  assumptions  which  render  the  results  tenuous.  Neverthe¬ 
less,  in  what  follows  the*  an.tlysis  will  be  presented  for  wh.it  it  may  be  worth. 

F'igure  Z1  is  a  jilot  of  the  volume*  occupied  by  the  marked  fluid  vs 
time*.  The  ordinate  of  i*<ic  h  point  was  computed  from  a  knowledge  of  the 
concentration  distribution,  the  area  bounded  by  the  least  isoconcentration 
curve,  and  the  total  quantity  of  radioactive  material  rele.ised.  To  a  first 
approxim.ition,  these  points  indie. ite  th.it  the  volume  occupied  by  the*  marked 
fluid  incrc*asc*s  linearly  with  time.  The  line  drawn  tlirough  the  experimental 
points  IS  .1  le.ist-squaies  fit. 

One  can  t’ic.n  write  the  expression 

v(t)  =  n(t)  L(t)  v/(t)  ,  (1) 
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VOLUME  OF  MARKED  FLUID  VS  TIME 
FOR  SECOND  EXPERIMENT 


CON  F  I  I)  E  N  T  1  A  L 


who  ro 

H(l)  -  ol  in.irki’ci  fluid 

l,(t)  -  louf;th  " 

\V(t)  width  ” 

ani  lor  I  0  ,  Iho  oNproShion 

V  ^11  L  VI 
o  o  o  o 


at  any  time, 

"  ”  "  ,  and 


oim  o  is  known,  assuming  H  ~  V/ 

o  '  o  o 


V/ 

o 


may  bo  computed: 


"^o  =  /  r 


Uitu  rontiatinu  Eq.  (1)  v.ith  respect  to  time,  one  obtains 


dl  o  I  dt  c:t  I 


(2) 


where  it  has  been  assumotl  that 


a  0 

dt  • 

It  one  assumes  isotropic  turbulence  in  two  dimensions,  then 


dt  dt 


and 


1  dV  dW 

FT 

O 


(3) 


SI  IK  1  L  >  >  '.V  . 

Usinji  a  numerical  technique,  V/(t)  was  determined  from  Eq.  (3) 
and  is  shown  in  Fig.  22. 


The  point  may  be  raiseu  as  to  the  validity  of  this  assumption,  on  the 
basis  of  the  different  lengths  comiiared  to  the  scale  of  turbulence. 

It  is  asserted,  however,  that  the  final  result  is  not  appreciably  affected 
b/  the  choice  of  the  scale  of  turbulcuice  compared  w’dh  the  value  of  L  . 
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.41)  IS 

i)\  1  r  .in 


Now,  Hall  ^  h  IS  shown  lh.it  lln-  cortliiient  of  oddy  diffiisivity 

i-\|>  rc  s  Sibil  HI  tfiiiis  ol  the  displarcinont  X(t)  of  a  fluid  particle 
inti  i  v.il  ot  t  see  .ts  follows; 


F  (t) 


(4) 


ii-here  the  lja  r  iiuluates  tin  aver.ige  for  a  l.irge  number  of  p.irticles,  (In 
.1,.  I'l),  we  have  restri.  ted  oursidves  to  one  dimension.  )  lie  lias  further 
shown  th.it  the  dispel  sion  of  the  nii'.in  tone  eiit  ration  is  independent  of  the 
shapi  ot  the  i  loud  of  market!  fluid  and  is  identical  with  that  for  a  single 
1 1  u  1  d  p  a  r  t  u  1  e . 

Applying  this  result  to  the  experiment  at  hand  one  can  thus  be  con- 
fitient  in  assertinu  that,  lor  all  limes. 


dV.'  =  d\X 


from  whitli 


L(t) 


may  be  derived. 

Figure  Zi  IS  a  semi! ogar ithmie  plot  of  E(l)  vs 
ODservecI  from  Ihe  figure  that  for  limes  t  >  85  min  the 
be  expressed  as  follows; 

-  i  J-^ 

F.(l)  -  L  e  ^ 

o 

where  F  is  the  asymptotic  value  tif  E(t)  for  t-  ^  and  K  has  the 
dimensions  L  T  .  It  is  tempting,  therefore,  to  define  the  intensity  of 
turbulence  as 

__1 _ 

K 

computing  from  the  value  f,  -  .  bOB  sec^cm  ^  given  in  Fig.  23,  the  in¬ 
tensity  of  turbulence  is  found  to  be  1. 28  cm/  sec. 


E(t) 


It  is 


function  E(t)  can 
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I'hi;  asytnjjtotic  value  (1'  )  oblalni,d  from  Fig.  is 

5  Z  -1  “  (9) 

1  <  10  C  IO  sc’C  .  It  one  writes' 

F  V5  , 
o 

wlu  r  c 

V  -  the  intensity  of  lurbulent:e,  and 

b  scale  of  turbulence  (i.  e.  ,  the  length  scale  in  v/hich  a  particle 
moves  substantially  in  one  clirccLion), 
then  S  is  found  to  be  Z.  Z7  X  10  ^  cm  or  ZZ7  m. 

It  is  interesting  to  note  that  at  30-deg  latitude  the  radius  of  curva¬ 
ture  of  a  particle  having  a  linear  speed  of  1.Z8  cm/  sec  would  be  deflected 
by  Coriolis  forces  into  a  circular  course  having  a  radius  of  350  m.  This 
leads  one  to  siiec  ulate  on  the  possibility  that  Coriolis  forces  may  be  a  mech- 
anis'ri  which  tends  to  limit  the  scale  of  turbiih'ncc. 

FUTURIs  WORK 

The  overall  system  that  has  emerged  from  the  work  to  date  is  re¬ 
liable  and  c<^ui  be  used  to  good  advantage.  Some  improvements  can  possibly 
t)e  achieved  through  a  fast  readout  (perhaps  automation  of  the  isoconcentra- 
tion  contour  jilotting,  which  would  greatly  facilitate  decisions  which  must 
be  made  in  the  field).  We  are  looking  into  tliis  possibility. 

The  experimental  results  to  date  seem  to  indicate  tliat  wake-induced 
tiriiulenc'e  dc-cays  in  a  relatively  short  tinie,  after  which  the  c'xisting  oceanic 
tuidjulence  is  the  dominant  factor  in  the  spread  of  submarine  wake  constit- 
i.enta.  It  would  seem  rc-asonable,  therefore,  to  study  in  greater  detail  the 
normal  oceanic  turbulence  and  its  effects  on  diffusion  before  continuing- 
witl'i  experimental  work  on  submarine  wake  studies.  In  particular  one 
would  like  to  know  the  effect  of  vertical  density  gradients  and  of  wind¬ 
generated  horizontal  shear  upon  the  diffusion  coefficients. 

The  experimental  technique  which  has  been  developed  can  be  em¬ 
ployed  to  this  end  very  easily  by  simply  dispensing  the  radiotracer  from  a 
towed  line'.  It  might  be  added  that  th.is  would  at  the;  same  time  greatly  re- 
diu  e  the  expe  rimental  effort  and  simplify  the:  logistics  of  the  experiment. 
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